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ABSTRACT 


Background: The study aimed to prepare cookies with high-quality ingredients which are a rich source of nutrition and have a 
good shelf life. The study proposed a healthy composition of cookies by incorporating antioxidant-rich green tea while replacing 
usual principal ingredients like all-purpose flour with cereals like Pearl Millet (Bajra) and oats while substituting unhealthy refined 
sugar with healthy powdered jaggery. The study thus evaluated the health benefits of green tea cookies based on their nutritional 
value and sensory analysis. 


Method and Materials: Cookies composed of five different compositions with varying concentrations of green tea, pearl mil- 
lets, oats, jaggery, and other ingredients were prepared. Their physicochemical studies like change in width, density, thickness, 
volume, spread ratio, baking weight loss, fat, and ash contents were evaluated using standard protocols. Total flavonoid content, 
total phenolic content, and antioxidant activities of all cookies were determined. The sensory analysis was performed for all the 
five samples of cookies by Preference Tests-9 point hedonic rating. 


Results: There was a significant increase in TPC, TFC, and antioxidant activity. The sensory profile showed likeliness for these 
cookies. 


Conclusion: It can be inferred from the study that substituting pearl millet, oats, and jaggery with the normal ingredients en- 
hanced the nutritional value and the likeliness of the cookies. Further incorporating green tea extract improved the quality of 
cookies and thus these cookies could be the promising source of healthy antioxidants. 
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INTRODUCTION all-purpose flour’. Health experts never support the idea of 


having cookies made from all-purpose flour due to its side 
effects. Therefore this research is based on making cookies 
that are baked and contain a high nutritional value which im- 
poses beneficial health effects of rich antioxidants. 


In today’s lifestyle, continuous stress, and negligence of a 
healthy diet have led to cause many diseases such as hyper- 
tension, diabetes, obesity etc.'. Cookies are one of the con- 
venient and tasteful delicacies in our daily appetite. Moreo- 
ver, owing to its wide utility, health prospect has become an 
important aspect and therefore emphasis is being made to 
enhance the nutritive value of the cookies? ?. 


In the past several years, the concept of multigrain cookies 
has emerged tremendously and claimed to be rich in energy, 
fiber, and carbohydrates; these cookies are now widely ac- 
cepted by the consumers. Nutritious cookies could be made 





The market of cookies is one of the rapidly growing sectors 
in the fast-moving consumer goods (FMCG) category, while 
it is expected that the compound annual growth rate of the 
global packaged bakery products market will be 4.6% dur- 
ing the period 2017-2025*. It is known that many cookies 
contain industrial pollution or they are made from unhealthy 
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by substituting all-purpose flour with some other products 
like Pearl Millet Bajra, oats which are rich in fiber and filled 
with nutrition. 


Green tea is now considered as the world’s healthiest drink 
because of the presence of the highest amounts of antioxi- 
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dants of any tea. Green tea contains 20-45 percent polyphe- 
nols of which 60-80 percent are catechins such as epigal- 
locatechin gallate (EGCG) which are credited with its rich 
antioxidant, anti-inflammatory, and anti-carcinogenic ef- 
fects’. 


The EGCG contains healthy bioactive compounds that in- 
crease metabolism and reduces the rate of diseases such as 
diabetes, Alzheimer’s, heart disease and maintain the blood 
pressure” *. Likewise, sesame seed provides a good source of 
vitamin E, boost digestion, strengthens bones, and prevent 
disease such as cancer’. Jaggery (gur) is a natural sweetener 
that is made up of concentrated sugarcane juice. Jaggery 
contains minerals and vitamins which are good for our health 
and it is also called “medicinal sugar" because of its use in 
Ayurveda. 


Pearl millet, commonly known as 'Bajra' in the Indian sub- 
continent, 1s a high energy cereal known for its rich nutritive 
value. It comprises of protein (12-16%), fats (4-696), vitamin 
B1(0.25mg), vitamin B2 (0.20mg), Vitamin B3(0.86mg), 
vitamin B6 (0.50mg), carotenoids (293ug), carbohydrates 
(0.81g), and minerals, dietary fiber and polyphenols (0.2- 
0.3%)!''. Besides, their rich nutritional attributes, millets con- 
fer increase antioxidant activity and helps in curing meta- 
bolic diseases, cardiovascular disorders, diabetes etc". 


Oats are known scientifically as Avena sativa and contain 
many components contributing to health benefits. The solu- 
ble fiber in oats is D-glucan, which helps in slow digestion, 
increase sufficiency, and subdue appetite. B-glucan binds 
with the cholesterol-rich bile acids present in the intestine 
and transports it through the digestive tract and at the end out 
of the body". Whole oats commonly called rolled oats con- 
tain phenolic compounds and phytoestrogens having antioxi- 
dant properties that reduce the damaging effects of chronic 
inflammation which is associated with various diseases like 
cardiovascular disease and diabetes". 


Jaggery contains more nutrients than refined sugar because 
of its molasses content and is a sweetener now popular as 
a “healthy” replacement for sugar. Molasses is a nutritious 
by-product of the sugar-making process and, unlike refined 
sugar; it is rich in micronutrients, minerals, and vitamins". 


Sesame seed or “Til’, is a rich source of protein. It has a non- 
culinary application. The seeds contain Sesamin and Sesa- 
molin having a cholesterol-lowering effect in humans and 
the prevention of high blood pressure'*. 





Fennel seeds or “Suaf’ indeed contain numerous flavo- 
noids, anti-oxidant like kaempferol and quercetin. These 
compounds function as a powerful antioxidant agent. Fen- 
nel seeds are also a rich source of dietary fibre, resistant to 
digestion and re-absorption in the colon which contributes to 
lowering serum LDL cholesterol levels. 


The present study addresses the enhancement of green tea, 
pearl millet, oats, sesame seed, fennel seeds, and jaggery in 
green tea-based cookies (GTC) preparation. The study aims 
to investigate the effect of all the above ingredients on qual- 
ity attributes of green tea-based cookies (GTC). 





MATERIALS AND METHOD 





The materials used for making cookies 1.e. green tea, pearl 
millet flour, oats, jaggery, sesame seeds, fennel seeds, re- 
fined flour, and unsalted butter were procured from the local 
market Dehradun. All the chemicals used in the present study 
were purchased from Hi-Media, India. 





Preparation of Green tea cookies (GTC) 

The green tea cookies 1.e. GTC-A, GTC-B, GTC-C, GTC-D, 
and GTC-E were prepared by mixing all the ingredients in a 
proper ratio and baked it at 170°C for 15-20 min°. The pre- 
pared green tea cookies were packed in food grade bags and 
stored at room temperature in an airtight container for further 
analysis (Table 1). 








Physicochemical analysis of Green tea cookies 
(GTC) 

The prepared cookies were analyzed based on the change 
in density, thickness, width, volume, spread factor, baking 
weight loss. Density was calculated using the formula; 
Density= Mass/Volume. The diameter was measured using a 
vernier calliper. The thickness of biscuits (T) was measured 
in triplicate and means were recorded. Spread ratio (S.) was 
calculated using the formula: 


S = D/T 





Volume (V) was calculated using the formula: 
V = (D? x T)/4 


Baking weight loss (B) was determined by measuring the 
weight of the biscuit before and after baking. 


It was calculated using equation: 
By (70) = (w,-w,)/w, x 100 


where, w, = initial weight (g) of cookie and w, = weight (g) 
after baking". 


Moisture content was measured by hot air oven drying meth- 
od”. 


Total ash and fat content were determined by AOAC meth- 
od”: 


Total flavonoid content: 
For TFC estimation, calibration curve was plotted at 0.0156, 
00312, 0.0625, 0.125, 0.25, 0.5, and 1.0 mg/ml concentration 
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of hydrated catechins (as standard) respectively. 100 ul of 
the GTC sample at the concentration of 1 mg/ml was taken 
and mixed with 400 ul of distilled water. To the above mix, 
30 ul of 7% sodium nitrate was added and was incubated 
for Smin. Further 30ul of 10% aluminium chloride was add- 
ed and incubated for 5 min. Then, 20 ul of 4% NaOH was 
added. Volume makeup was done to | ml by adding 420 ul 
of distilled water. To calculate the TFC optical density was 
recorded at 570 nm. Triplicate measurements were carried 
out and total phenolic content was expressed as milligram 
of catechin”. 


Total phenolic content: 

Determination of total phenolic content was carried out us- 
ing Folin-Ciocalteu reagent (FCR) assay. 20 ul of the cook- 
ies (stock solution Img/ml) was dissolved in 80 ul of water 
and 500 ul of FCR was added. The solutions were mixed fol- 
lowed by incubation in dark at room temperature for 5 min- 
utes. After incubation, 400 ul of 7.5% Na,CO, solution was 
added and kept for further incubation in dark for 30 minutes 
at room temperature. The absorbance was recorded at 765 
nm using a colourimeter. Gallic acid (as standard) was used 
for the calibration curve that is plotted at 0.0156, 00312, 
0.0625, 0.125, 0.25, 0.5, and 1.0 mg/ml of concentration re- 
spectively. The measurements were taken in triplicate and 
total phenolic content was expressed as milligram of gallic 
acid equivalents (GAE) per gram of samples”. 


DPPH 

DPPH is highly photosensitive; therefore all the procedures 
were done in dark. DPPH solution was prepared by dissolv- 
ing 2.4 mg of DPPH in 50 ml of 100% methanol. Ascor- 
bic acid served as the standard. Both samples and standards 
were prepared in a concentration of 1mg/ml. The standard 
was then diluted by using half fold dilution method. 1001 
of GTC sample was taken and 1900 ul of DPPH solution 
was added. All the treated test samples and standard dilu- 
tions were incubated for 2 hours in dark. After incubation, 
the O.D was recorded at 517nm. The calibration curve of 
standard was plotted at 0.0156, 00312, 0.0625, 0.125, 0.25, 
0.5, and 1.0 mg/ml of concentration respectively”. Measure- 
ments were taken in triplicate and the percentage scavenging 
effect was determined using the formula: 


scavenging rate (%) = [(A0 - A1)/A0] / 100 











where AO = Absorbance of the control (without extract) 
A] =Absorbance in the presence of the extract 





Sensory analysis 
Sensory analysis was performed for all the five samples of 
cookies by Preference Tests -9 point hedonic rating. Nine 








different people and their responses were recorded in con- 
text to the three main attributes that are colour, taste, and 
flavour”. 


Statistical analysis 

All the estimated data was statistically analyzed accordingly 
using ANONA two-way analysis (with duplicates) and t-test. 
All the parameter scores were expressed in terms of Mean 
+SD 2The statistical significance was set at a 5% level of 
significance (p<0.05). 





RESULTS 


Density, spread ratio, and baking weight loss 
After baking it was observed that the thicknesses of cook- 
ies were increased thus the spread ratio of GTC and con- 
trol cookies decreases after baking. The spread ratio ranges 
from 2.41 — 2.67 (Table 2) which are in the range of control 
cookies. P-value was observed less than 0.05, thus there 1s a 
significant difference in the values of spread ratio studies for 
different GTC and control cookies samples. The changes in 
the spread ratio are represented in Figure 1. 








Due to loss in baking weight the density of control and GTC 
cookies after baking 1s less than before baking. The density 
ranges from 0.69 to 0.78 g/cm?’ which are in the range of 
control cookies (table 2). The P-value was observed less than 
0.05, thus there 1s a significant difference in the values of 
densities studies for different GTC and control cookies sam- 
ples. The changes in the density are represented in Figure 2. 





The baking weight loss of different GTC and control cookies 
ranged from 2.66% - 25.21% (table 2). It was observed that 
baking weight loss 1s very low in the case of control 2 cook- 
ies and maximum in the case of GTC-C. There was a signifi- 
cant difference (px0.05) in the values of baking weight loss 
for different GTC and control cookies samples. The changes 
in baking weight loss are represented in Figure 3. 





Chemical analysis 

The moisture content of the GTC and control cookies varies 
from 3.41% to 8.8% (Table 2). There was a significant differ- 
ence (px0.05) in the values of moisture content for different 
GTC and control cookies samples. The changes in moisture 
content are represented in Figure 4. The value of ash content 
varies from 0.633% to 9.03% (table 2) for different GTC and 
control cookies samples. The variations in ash content are 
represented in Figure 5, which was at 5% (p<0.05) level of 
significance. 








The value of fat content decreases from 7.36% to 19.76% 
(Table 2). The variations in fat content are represented in 
Figure 6 which was at 5% (p<0.05) level of significance. 





Quantitative analysis 

The study showed high polyphenolic and flavonoid contents 
in cookies with an increased concentration of green tea (Fig- 
ure 7 and Figure 8). The quantitative evaluation revealed a 
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significant difference in TPC, TFC, and antioxidant activity 
of GTC with the varying concentration of green tea (Table 2). 
In comparison to the control cookies, the TPC in GT cook- 
ies was recorded in between 64.341.247 and 99.33+0.62 g 
equivalent weight of gallic acid. The TFC was evaluated 
ranging from 7.5+0.41 and 12.840.091 g equivalent weight 
of catechins. The antioxidant activity was analyzed using 
DPPH free radical scavenging assay. The percentage of an- 
tioxidant activity was revealed between 78.07+0.245% and 
94.35+0.457% (Figure 9). 





The study demonstrated that out of five different GT cook- 
ies, GIC-C, GTC-D, and GTC-E demonstrated high antioxi- 
dant activity with considerable high phenolic and flavonoid 
content. 


Sensory analysis: 

The study represents the sensory ratings of GTC, and control 
cookies for all selected sensory attributes 1.e., colour, taste, 
flavour, and overall acceptability. In the control cookies, 
(sample C1 and C2) the averaged score for colour, taste, 
flavour, and overall acceptability average score was 6.0 and 
5.0 which is lower than GTC-A, GTC-B, GTC-C, GTC-D, 
and GTC-E (table 3). For control samples, C1 and C2 the 
averaged score for colour, taste, and flavour are also very 
low in comparison to GTC. Among the five GTC's, GTC-B 
gained the highest score (9.0) for overall acceptability (Table 
3). The least average sensory scores were recorded to the 
GTC-A followed by GTC- D. The overall sensory result is 
represented by the radar chart (Figure 10). It was inferred 
that among all the green tea enriched cookies, and control 
cookies, GTC-B was most liked by all panel members and 
thus could be considered to be the best cookies with promis- 
ing acceptability among the consumers. 

















DISCUSSION 


In the present study, we evaluated the nutritional and health 
potential of green tea consisting of pearl millet cookies con- 
sidering p«0.05 level of significance. Pearl millet 1s an im- 
portant source of iron, zinc, and micronutrients which is a 
low-cost substitute for wheat or maize”. Rich in multi-vita- 
mins and proteins, cookies prepared with pearl millet is an 
excellent source of energy”. 


Green tea is known for its abundant free radical scavenging 
activity” as the role of antioxidants in minimizing the oxida- 
tive stress in various disease conditions like diabetes, cata- 
ract, inflammatory conditions, AIDS, and mutagenic effects 
of reactive oxygen species are already known”. In our study, 
we found significantly higher DPPH free radical scavenging 
activity in all GTC. There is a strong correlation between 
antioxidant activity and TPC/TFC. With an increasing con- 
centration of green tea, there was an increase in the TPC, and 
TFC of cookies^?"*, 





Although, the study revealed a significant difference in the 
antioxidant potential, the sensory profile of all the prepared 
cookies demonstrated that cookies with higher green tea con- 
tent were less liked by the panel members. The variation in 
sensory ratings of different GTC could be attributed to the 
presence of a varying concentration of polyphenols in subse- 
quent cookie products which resulted in distinctive sensory 
properties of GTC??? 32. The control cookies without green 
tea were found less acceptable in terms of its taste, and fla- 
vour in comparison to the other GTC. 








CONCLUSION 


The present study demonstrated the health benefits of green 
tea and pearl millet cookies based on their nutritional value 
and other sensory analysis. It was observed that replacing 
regular ingredients of cookies like refined flour, refined 
sugar with healthy alternatives such as green tea, pearl mil- 
let, oats, and jaggery powder exhibited improved nutritional 
properties and the likeliness of the cookies. Moreover, the 
study suggests that the incorporation of green tea enhances 
polyphenolic and flavonoid contents of the cookies; hence 
the green tea enriched cookies could be a promising and 
healthy source of rich antioxidants. 
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Table 1: Standardization of recipe for preparation for cookies by incorporating different ingredients 


Samples 
Green Pearl eric Jaggery 
Tea(GT) Millet 

GICA Hg -100g +252 +302 
GTC B +2g +80g +30g +50g 
GTC C +3g +60g +50g +60g 
GTC D +10g +90g +40g +55g 
GTC E +7g +70g +10g +50g 
Control ı - - - - 
Control 2 - +50g - +30g 
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Ingredients 
Sesame Fennel Refined Butter Salt Sugar 
Seeds Seeds Flour 
+2¢ Hg - +50g - - 
+2.58 +2g +20g +50g - - 
+6g +3g +40g -50g - - 
+48 +38 +108 +508 E 
+3g +48 *20g +658 i : 
- E +50g +208 Pinch +352 
- - +25g - 7 
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Table 2: Physical and chemical characterization of GT cookies 


Samples Spread Density Baking Moisture AshContent FAT content TPC TFC DPPH 
Ratio (g/cm3) weightloss Content (%) (96) (96) (g equivalent (g equiva- (% antioxi- 


(%) wt. of gallic lentwt.of dant activity) 
acid) catechins) 





GTC A 2.670.128? 0.75+0.0124> 21.020.222" . 7.63t0.31244 4.8+0.163° 7.750.163f 7.5+0.0418% 64.31.247" 78.07+0.245' 
GTC B 2.49Ł0.0124° 0.72+0.0124 13.740.205° 4.360.262  0.633+0.124° 7.36+0.124f 7.7+0.1248  70.5+0.0816" 80.46+.0659' 
GTCC 2.63+0.0163? 0.78+0.0081> 25.21+.0939° 8.56+0.0944 1.46+0.124° 7.533+0.047' 10.64+0.0816% 70+0.819" | 92.76+0.205' 
GTC D 2.41+0.01247 0.69+0.0169>  10.5*0.707* 8.8+0.2164 4.440.294° 19.76+0.205' 11.6140.02168 99.33+0.623"  92.89*0.544! 
GICE 2.555.0047?  0.75*0.0124^  15.31*0.245* 6.4+0.141¢ 3.140.081° 14.43+0.492' 12.8+0.0918  81.2140.2825 9 4.35+0.457' 
Control1 2.49+0.00817 0.71+0.0169> 15.54+0.136° 3.41+0.06234 7.83+0.124° 9.66+0.286' 0.49+0.0188 35.960.169” 52+0.496! 
Control 2 2.61+0.01247 0.78+0.0169" 2.66+0.0124°  5.26*0.249*  9.03*0.205* 12.66+0.268' 1.28+0.0216% 26.39+0.308" 55.38+0.098' 


Values are expressed as mean SD (n= 2). Means in the same column with the same letters are significantly different (P < 
0.05). Row (degree of freedom = 3), column (degree of freedom = 1). ‘a’, ‘b’, ‘c’, ‘d’, ‘e’, ‘P, ‘g, ‘h’ and ‘1’ represents a 
significant difference in student’s t-test. 


Table 3: Sensory analysis interpretation for GTC and control cookies 





Attributes 

Colour 7.33 8.33 723 7.0 6.56 5.32 2.15 
Taste 7u 8.33 7.89 7.56 7.33 4.11 2.25 
Flavour 7.44 7.55 8.1 7.67 8.0 4.21 2.35 
Overall Acceptability 7.0 9.0 8.0 7.5 8.3 6.0 5.0 
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Figure 3: Baking weight loss of GTCs. 
Figure 1: Spread ration of GTCs. 
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Figure 2: Density analysis of GTCs. 





Figure 4: Moisture content of GTCs. 
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Figure 8: Variation of TFC content in GTCs. 
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Figure 5: Ash content of GTCs. 
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Figure 6: Fat content of GTCs. 
Figure 9: Variation of DPPH (% Antioxidants Activity) in GTCs. 
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Figure 7: Variation of TPC content in GTCs. Figure 10: Radar chart representing mean scores of the sen- 
sory analyses for GTCs. 
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